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Abstract 
This paper discusses the correlation of S&T input and sustainable economic development. In order to fully reflect the 
relations, this paper chooses S&T input indicators (S&T expenditure and S&T personnel) and economic development 
indicator (gross product in different industries), using grey relational degree analytical method, to measure the 
correlation between two indicators. Taking 12 cities of Hunan province as the empirical analysis, this paper finds that 
the correlation of S&T personnel and economic development is stronger than S&T expenditure and economic 
development. In territory industry, S&T input is not significant in pushing sustainable economic development. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Development is the theme of this era. Researchers used to take GDP as the primary indicator to
evaluate a nation or a city’s development statues. With the deepening research, as well as the situations of 
imbalanced resources allocation appeared in 1960s, people began to question the existing evaluation 
system, and put forward the theory of sustainability development theory. With the impetus of newly 
established S&T revolution, knowledge plays more and more important role in economic development, 
which pushes the accumulation of social fortune and human beings welfare [1]. Most countries in the world 
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put great emphasis on the increasing rate of S&T input, especially on the input of R&D, which is deeply 
related with the innovative ability upgrade [2]. According to http://www.sts.org.cn/, the features of R&D 
activities are innovative, new, using scientific methods and producing new knowledge and innovative 
application. Among the features above, innovation and newness are determinants for R&D, using 
scientific methods and producing new knowledge and innovative application are the basic features. R&D 
activities can be divided as several types: basic research, application research and trial research, among 
them basic research and application research are combined as scientific research. 
The intensity of R&D input, i.e., the ratio of R&D on GDP, is considered as a very important indicator 
to evaluate the S&T capability, and a mark representing national or regional S&T development (Sun Kai, 
2006; Zhang Wei, Cheng Jun, 2006[3]). 
Because innovation performance is confined to many factors such as input efficiency, knowledge 
levels, external networks etc., it is rare to say that high S&T input will definitely lead to high economic 
development(Xiao Yang and Jeff Borland, 2001;Wang Licheng, 2006; Wang Licheng, 2011[4]). 
Researchers are searching for different methods to demonstrate the relations between input and output, so 
as to find out the mechanisms (Niu Hong-lei,2010[5];Zhang Wei, Cheng Jun, 2006; Chen C．H., 2003). 
With the increased investment in basic research, its potency，efficiency and accountability are becoming 
the focus of attention in various aspects (Ge Guoyao, Song Ziliang, 2003). Whether the R&D input can 
really promote the regional science innovation level or enhance local economics has a great deal with its 
effectiveness [6]. Information and Communication Technology (ICT) investments are the driving force 
behind the resurgence of growth in the developed countries during recent years. They are also the main 
reason for the increased growth rates of Total Factor Productivity (TFP). Colecchia and Schreyer (2002) 
showed that during the late 1990s, ICT contributed between about 0.3% and 0.9% per year to economic 
growth compared with the early 1990s, when ICT contributed only 0.2–0.5%[7]. 
There are many methods taken to evaluate the S&T input effects: Xu and Shi(2005) assessed the S&T 
input efficiency based on DEA[8]. Zhang, Tian and Chen(2009) found that R&D input and economic 
development are interactive, so the mechanism of interaction is Granger reason[9]. 
2. Index selection 
City’s S&T progress is the determinative factor of local economic growth and competition[10], 
evaluating the regional S&T progress status is of great significance. Related researches (Sun, 2010; Zhang 
Wei, Cheng Jun, 2006; Chen Yunping, Chen Linxin, 2009) have recommended various indicators 
concerning with S&T input. The indicator systems vary a lot within recent research, especially with the 
approaching of knowledge-based economy [11]. For the reason of comparative study, this paper mainly 
refers to the recommended indicators from website of http://www.sts.org.cn/ (China Science and 
Technology Statistics). This website gives some very often-used and accepted indicators to evaluate and 
describe the S&T statues. Referenced from ://www.sts.org.cn/, this paper takes R&D expenditure and 
R&D personnel as the input indicators, representing the factors (human power and capital input) which 
mainly push economic development. 
R&D expenditure is the cost used in basic research, application research and trial development in a 
given year, including manpower cost, material cost and fixed assets costs, overheads and other costs. In 
2008, the R&D expenditure in Chinese mainland is 461.6 billion, 90.5 billion more than, or 24.4% higher 
than that of last year. Accordingly, the ratio of R&D on GDP is 1.54%. This figure is at a low level when 
comparing with developed countries. According to IMF, in 2001, the figure in Japan is 3.12%, 2.68% for 
US [12]. However, China has increased input in R&D in recent years: During the “Eleventh Five” (2006-
2010) period, China had increased S&T input year on year. Taking 2009 as an example, the national 
financial input on S&T was 322.49 billion Yuan, double than that of 2005. The ratio of S&T expenditure 
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on financial expenditure increased from 3.8% during “the tenth five”(2001-2005) to 4.2% in 2009, which 
shows that the importance of S&T input has been practiced by government and industrial circles. In order 
to better reflect the distribution of S&T expenditure, this paper transfers the original indicator to ratio of 
R&D on GDP. 
The second indicator is R&D personnel. R&D personnel are the ones who work on the creation or 
construction of new knowledge, new products, new crafts, new methods and new systems. The human 
capital of R&D personnel is the most flexible factor in R&D activities, so its scale reflects the R&D 
capability. According to the second survey of national R&D resources, the personnel on R&D are 3.18 
million in 2009. For the imbalanced R&D statues, the distribution of R&D personnel resources is various 
from region to region. 
There are many indicators used to reflect a city’s economy status, such as GDP, residential conditions, 
telecommunication expenditure, transportation expenditure, etc.. While the general conditions which can 
be accepted in academic circle is mainly on the indicators concerning with GDP. With the speedy 
development trends, the imbalanced allocation of resources and unparallel achievements in different 
industries, GDP as a single indicator has limited effects on evaluating the sustainability development 
status. In order to better explore the correlation between R&D input and sustainable economic 
development in cities, this paper must search for the indicators that can fully represent GDP and the trend 
of sustainable economic development. Researchers had found that for various industries, the S&T input 
functions differently. So, in order to clearly exhibit the difference of R&D on GDP and the city’s features, 
this paper attributes GDP to 2 main industries: gross product of secondary industry and gross product of 
tertiary industry (because most cities are attributing GDP based on these two industries). With the help of 
division, we can clearly see the development conditions for different industries, so as to better extinguish 
the correlation between S&T input and sustainable economic development. 
Sustainable economic development is another requirement for a city’s construction and it is often 
reflecting the continuous effects for the input on output. Sustainable development is a dynamic 
requirement, so it is firmly related to time series. Traditional sustainable economic development is 
indicated in the trends variables such as the increasing rate of economy, the decreasing of illiterates or 
balanced income and expenditure. Because we have collected a time series reflecting the economic effect, 
so this paper also takes GDP trends as the indicator to evaluate the sustainability. 
3. Method 
This paper uses grey relational analysis as analytical method.  
According to the theory of gray relational grade, the input of S&T is regarded as the factors affecting 
the gross product. The basic idea of gray relational analysis is to judge the close correlation according to 
the similarity of geometry of serial curves. The closer the serial curves are, the greater correlation degree 
the series becomes. Gray relational analysis can make up for the insufficiency of traditional methods of 
mathematical statistics used for system analysis, which also can be applied in the number and the rule of 
sample. Therefore, this paper takes this method as the tool. 
(1) Constitution of behavior sequence[13]. Assuming that iX is system factor, its observation date in 
serial number k is ( )ix k , 1, 2, ,k n= L . Hence, [ (1 ) , ( 2 ) , , ( ) ]i i i iX x x x n= L is called the behavior 
transverse sequence. 
(2) Annihilated image of starting point. It is assumed that D  is the sequence operator, 
and [ (1 ) , ( 2 ) , , ( ) ]i i i iX D x d x d x n d= L . 
Where ( ) ( ) (1), 1, 2 , .i i ix k d x k x k n= - = L . Hence, D is the annihilated operator of starting point.  
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iX D is the bigger annihilated image of iX  , denoted by 0 0 0 0[ (1), ( 2 ), , ( )]i i i i iX D X x x x n= = L  
(3) Defining 0S , iS and 0iS S- . Assuming the length of 0X and iX are the same and are all 1 
interval sequence. 0 0 0 0
0 0 0 0[ (1 ) , ( 2 ) , , ( ) ]X x x x n= L , 0 0 0 0[ (1) , ( 2 ) , , ( ) ]i i i iX x x x n= L are the 
annihilated images of starting points 00X and
0
iX . Hence we have  
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(4) Absolute correlation degree. 
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(5) Relative correlation degree. Initial value of iX is  
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Then, the calculation step is the same with the absolute correlation degree, that is 
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Hence, relative correlation degree is 
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(6) Comprehensive correlation degree. Assuming (0,1)q Î , we select 0.5q = , since relationship of 
absolute quantity is as important as the relationship of relative quantity. Based 
on 0 0 0(1 ) , 1,2, ,i i ir i nr qe q= + - = L , comprehensive correlation degree is usually adopted during 
comparison. 
4. Empirical research 
This section is to measure the correlations for 12 cities in Hunan Province, date are from Hunan Statistics 
Yearbook 2003-2008 and China City Statistics Yearbook 2003-2008. In this empirical research, table 1 is 
the collection of 12 cities’ gross input date (the city and its domain). The number of S&T personels/10 
thousand population (A1 in table 1) and the ratio of R&D on GDP (A2 in table 1) are taken as comparative 
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sequence.  
Table 1.  the S&T input statues of 12 cities and their domains in Hunan (2003-2008) 
  2003 2004 2005 2006 2007 2008 
 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 
Changs 56.2 1.6 72.7 1.97 79.8 1.69 83 1.73 87.9 1.88 100.2 1.93 
Zhuz 33.7 1.3 29.2 0.76 43.2 0.79 50.6 0.78 43.8 1.12 46.1 1.17 
Xiangt 47.3 0.8 47.6 1.36 46.9 1.28 53.4 1.4 60.9 1.3 57.1 1.48 
Hengy 13.9 0.3 17.2 0.16 18.5 0.35 17.9 0.39 18.1 0.47 22.1 0.55 
Shaoy 5.8 0.2 4.1 0.3 5.3 0.33 4.8 0.18 5.5 0.18 5.8 0.2 
Yuey 11.6 0.2 11 0.21 10.8 0.44 11.3 0.5 12.4 0.53 16.2 0.99 
Changd 6.6 0.3 8 0.1 11.1 0.14 10.1 0.15 9.8 0.22 12.6 0.65 
Yiy 5.8 0.1 4.4 0.38 4.9 0.19 6 0.2 6 0.34 5.1 0.5 
Chenz 4.3 0.2 5.9 0.17 7.5 0.13 7.2 0.17 7.6 0.18 8.1 0.32 
Yongz 3.2 0.1 2.6 0.08 2.9 0.14 3.8 0.12 3.8 0.04 3.1 0.12 
Huaih 2.9 0.1 2.2 0.09 3.3 0.06 3.5 0.1 2.9 0.11 2.4 0.11 
Loud 3.9 0.4 3.8 0.19 5.4 0.25 5.8 0.22 6.6 0.45 10 0.95 
 
Table 2 is the collection of 12 cities’ gross output date (the city and its domain). The gross product for 2 
industries (secondary industry and tertiary industry marked as B1 and B2) is used as reference sequence to 
establish the information space of gray correlation differences.  
Table 2.  the gross  product of 12 cities and domains in Hunan (2003-2008)           Unit: 100 million Yuan 
 2003 2004 2005 2006 2007 2008 
 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
Changs 444.9 549 541.7 650.4 642.1 763.8 791 884.7 984.8 1066.6 1567.4 1261.2 
Zhuz 185.5 146 218.4 167.2 264.6 190.3 311.8 218 396.3 258.4 497.3 302.6 
Xiangt 102.4 119.9 132.6 133.9 158.9 151.3 192.3 169.1 245.8 197.6 331.5 230.4 
Hengy 149.3 166.9 181.9 190.5 224.3 216 272.1 241.9 328.8 308.0 412.4 352 
Shaoy 71.1 114.0 84.5 131.4 101.2 147.8 122.4 168.7 145.4 191.0 182.2 228.7 
Yuey 186.0 164.6 234.8 189.4 294.4 213.8 351 248 444.6 302.0 571.8 343.7 
Changd 180.4 159.1 215.7 181.4 254.8 212.4 303 243.3 364.5 293.0 468.2 342.3 
Yiy 60.9 99.1 71.1 112.2 84.2 127.7 102.2 144.8 131.2 171.5 170.7 195.6 
Chenz 132.7 130.3 173.2 148.6 226.6 166.9 268.5 191.2 321.2 220.6 358.1 255.5 
Yongz 63.6 116.9 76.5 136.2 94.6 156.1 115 180 142.7 213.4 181.5 249.5 
Huaih 60.3 104.9 76.4 119.5 91.2 133.8 108.9 149.8 138.1 177.2 185.4 209.9 
Loud 85.8 86.6 117.1 96.8 143.6 109.7 172.3 123.6 213.6 145.5 266.2 165.9 
 
 
Gray correlation degree is calculated in table 3. Here r13 is the correlation of S&T personnel input and 
gross city product of secondary industry, r23 is the correlation of R&D expenditure and gross city product 
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of second industry, r14 is the correlation of S&T personnel input and gross city product of tertiary industry 
and r24 is the correlation of R&D expenditure and gross city product of tertiary industry. 
Table 3.  The correlation of R&D input and economic development 
  Changs Zhuz Xiangt Hengy Shaoy Yuey Changd Yiy Chenz Yongz Huaih Loud 
r13 0.757 0.676 0.635 0.665 0.573 0.582 0.656 0.623 0.672 0.622 0.648 0.546 
r23 0.704 0.553 0.703 0.535 0.619 0.723 0.565 0.624 0.53 0.651 0.598 0.507 
r14 0.659 0.707 0.621 0.654 0.545 0.635 0.787 0.580 0.645 0.605 0.656 0.761 
r24 0.598 0.515 0.666 0.626 0.561 0.665 0.585 0.603 0.535 0.670 0.555 0.512 
5. Conclusion 
As proved before, the S&T input has correlation with economic development. While the correlations 
for different cities and industries are different. 
 As the capital of Hunan Province, Changsha has exhibited biggest ability in R&D input, and produced 
comparatively good effects. The correlations of r13 and r23 are bigger than 0.7, demonstrating R&D 
input has strong relation with secondary industry. It also shows that Changs has good inclination on 
industrialization, so as to achieve sustainable economic development. 
For different inputs, the correlations are different. Generally speaking, the average of r13 bigger than 
r23, r14 bigger than r24, showing that R&D expenditure is less efficient than R&D personnel input. 
The third conclusion is that for tertiary industry, the related correlations are less than that of secondary 
industry, which means both R&D expenditure and R&D personnel input are not significant in economic 
development. 
As for the conclusions above, some suggestions are: 
First, attach more importance on R&D input effectiveness. Hunan is a province located in remote areas, 
financial income is very limited, so the expenditure effectiveness is very important. Government should 
make more efforts on S&T expenditure design, to increase its function on economic development. 
Second, according to statistics, tertiary industry clusters more than 50% of R&D staff, while the 
contribution in cities of Hunan is not significant. The causes maybe twofold: one is tertiary industry in 
Hunan is mainly focused on entertainment industry, the R&D requirement is at a low level; two is the 
advantages of R&D input is not obvious, especially for some remote areas. For these reasons, the 
authority should transfer the development clues, taking more attention on the value-added industries 
through R&D input. 
Third, for some remote cities such as Shaoy and Yiy, and some industries such as tertiary industry, the 
S&T input contributes less than other cities and industries. Local governments or industry administers 
should transfer the economic development ideology, adding more S&T contents to the cities or industry, 
so as to increase the effectiveness of S&T input on economic development. 
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